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AB An improved method of 2 -dimensional gel electrophoresis was developed 
which produced high resolution, reproducible images suitable for 
computer anal. In the images that were presented, >800 proteins 
were resolved without significant overlap, and many more proteins can be 
detected after longer exposures. To establish the usefulness of such 
methods for detailed quant, comparisons of cultured cells, extensive 
controls were carried out to test the reproducibility of the 
electrophoretic procedures, the same preparation procedures, and the cell 
culture conditions. A computerized scanning system was developed which 
can automatically detect and integrate the densities of the spots on a 
2 -dimensional fluorogram or autoradiogram. The corresponding proteins 
from 2 samples can then be matched and their intensities compared. 
Several types of graphic output have been used to display the number and 
magnitude of the differences between the compared samples. These methods 
were used to study the patterns of .protein synthesis in the nerve cell 
lines B103 and the glial cell line B9. Both exponentially 
dividing and stationary cultures were analyzed and the relative 
rates of synthesis of . apprx.300 proteins were compared by computer. For 
each cell line, no major qual. differences were found between 
dividing and stationary phase cells although numerous quant, 
differences of up to 15 -fold were detected. When the 2 cell lines were 
analyzed in the same state of growth and compared by computer, qual. 
differences were found in .apprx.5% of the proteins analyzed, and 
>40% of the shared proteins were involved in quant, differences of 
>2-fold. The rates of synthesis of the shared proteins were more 
divergent between the 2 cell lines than between dividing and 
stationary phase cells of either line. Thus, these cell lines can be 
therefore be distinguished, regardless of growth state, by their 
cell -specif ic proteins and by their characteristic rates of synthesis of 
many of the shared proteins . 
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AB An improved method of 2 -dimensional gel electrophoresis was developed 
which produced high resolution, reproducible images suitable for 
computer anal. In the images that were presented, >800 proteins 
were resolved without significant overlap, and many more proteins can be 
detected after longer exposures. To establish the usefulness of such 
methods for detailed quant, comparisons of cultured cells, extensive 
controls were carried out to test the reproducibility of the 
electrophoretic procedures, the same preparation procedures, and the cell 
culture conditions. A computerized scanning system was developed which 
can automatically detect and integrate the densities of the spots on a 
2 -dimensional fluorogram or autoradiogram. The corresponding proteins 
from 2 samples can then be matched and their intensities compared. 
Several types of graphic output have been used to display the number and 
magnitude of the differences between the compared samples. These methods 
were used to study the patterns of protein synthesis in the nerve cell 
lines B103 and the glial cell line B9. Both exponentially 
dividing and stationary cultures were analyzed and the relative 
rates of synthesis of .apprx.3 00 proteins were compared by computer. For 
each cell line, no major qual . differences were found between 
dividing and stationary phase cells although numerous quant, 
differences of up to 15-fold were detected. When the 2 cell lines were 
analyzed in the same state of growth and compared by computer, qual. 
differences were found in .apprx.5% of the proteins analyzed, and 
>40% of the shared proteins were involved in quant, differences of 
>2-fold. The rates of synthesis of the shared proteins were more 
divergent between the 2 cell lines than between dividing and 
stationary phase cells of either line. Thus, these cell lines can be 
therefore be distinguished, regardless of growth state, by their 
cell-specific proteins and by their characteristic rates of synthesis of 
many of the shared proteins. 
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AB A system suitable for ultraviolet imaging densitometry of two-dimensional 
electrophoretic gels that are unstained is described, together with its 
applications. A flying-spot densitometer linked with a personal 
computer was used for data acquistion, generation of mapping data, 
and image processing. Randomly distributed zones of proteins on 
two-dimensional gels were detected at 280 nm 

without being stained by two-dimensional scanning, and the densitometric 

value of each pixel (0.2 + 0.2 mm) was memorized by the 

computer, which generated a mapping pattern with density contours. 

The amount and densitometric value of cytochrome c had a linear 

relationship in the range of 2-200 ug. Zone locations of bovine linear 

proteins separated on two-dimensional gels 

were indicated on a map expressed in X-Y coordinates, and the pis and 
molecular weights could be calculated from the map by use of pi and 
molecular weight markers on the same gel. 
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AB A computer system for the anal, of high-resolution 2 -dimensional 

gel -electrophoresis patterns, and some initial applications are described 
The system (called TYCHO) comprises programs for image 
acquisition, background subtraction and smoothing, spot 
detection, gaussian spot modeling, and pattern matching and comparison. 
It is based on a conventional minicomputer, but makes extensive use of a 
high-speed array processor in the image-processing and -modeling 
steps. Used in concert with the ISO-DALT 2 -dimensional electrophoresis 
system (Anderson, N. G.; Anderson, N. L., 1978), TYCHO allows quant, 
measurement of hundreds of proteins in complex biol . samples, and 
constitutes the initial data-reduction system required for work towards a 
Human Protein Index. 
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AB A computerized system for the quant, comparison of 2 -dimensional 

polyacrylamide gel autoradiographs is being developed that requires 
relatively limited hardware resources. Two fast, simple, and stable 
programs, one for background and streak subtraction and one for 
peak detection, were developed and tested. Two methods developed by 
others, one for image smoothing and one for peak matching, also 
were tested. A very simple spot-d. integration program that works on 
isolated spots has been written and is being developed further. 
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AB PURPOSE: To measure quantitatively protein components with high accuracy > 
by using the migration spot of a protein component having a known 
migration pattern as a reference, comparing the protein component having 
an unknown migration pattern in a vital sample with the reference. 
CONSTITUTION: A two-dimensional migration gel 4 in which the protein 
components are migrated is divided to, for example, 4 regions 
10a, 10b, 10c, lOd by isoelectric points. The standard material having the 
known migration pattern and mol. weight, for example, albumin, globulin or the 
like is preliminarily introduced into the gel 4. The standard material is 
measured, then the sample is measured in the optical concentration measurement. 
The variance in the dissipation quantity of the protein component 
dissipated from the two-dimensional gel by 

the gel equilibriating operation and gel dyeing operation after the end of 
the two-dimensional electrophoresis is thereby corrected and the 
quantitative comparison of the protein component in the same quantity of 
the sample migrated in the different two-dimensional 
gel is made possible. 
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AB PURPOSE: To measure quantitatively protein components with high accuracy, 
by using the migration spot of a protein component having a known 
migration pattern as a reference, comparing the protein component having 
an unknown migration pattern in a vital sample with the reference. 
CONSTITUTION: A two-dimensional migration gel 4 in which the protein 
components are migrated is divided to, for example, 4 regions 
10a, 10b, 10c, lOd by isoelectric points. The standard material having the 
known migration pattern and mol. weight, for example, albumin, globulin or the 
like is preliminarily introduced into the gel 4. The standard material is 
measured, then the sample is measured in the. optical concentration measurement. 
The variance in the dissipation quantity of the protein component 
dissipated from the two-dimensional gel by 

the gel equilibriating operation and gel dyeing operation after the end of 
the two-dimensional electrophoresis is thereby corrected and the 
quantitative comparison of the protein component in the same quantity of 
the sample migrated in the different two-dimensional 
gel is made possible. 
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AB This paper reviews th CLIP image processing system for the complete 

analysis of two-dimensional electrophoresis images. The analysis problem 

for two-dimensional gel images can be broken 

down into three issues: segmentation of individual gel images, alignment 
and comparison of pairs of gel images, and information storage and 
retrieval. This paper describes these problems and reviews how the CLIP 
system handles each of them. Segmentation is the location and isolation 
of each protein spot on an individual gel image and also the extraction of 
individual spot data such as position, area and volume. There are three 
basic stages; background field correction, noise filtering, spot detection 
and information extraction. Alignment and comparison of gel images 
involves matching protein spots between two gels. This can be quite 
difficult because there is not a simple relationship which can transform 
one gel image onto another. The database issues concern storing all the 
information which has been obtained from the above operations such that 
retrieval of this information can be readily performed. The advantage of 
the CLIP system over others is speed of processing. CLIP series 
computers use one processor for every pixel of the 

camera image such that image processing algorithms run in parallel. The 
main disadvantage is in the cost of these machines. With the declining 
trend in the cost of parallel processors, these machines will become more 
and more viable alternatives. This paper reviews the algorithms for the 
analysis of two-dimensional gels. It is 

shown that CLIP is flexible enough to perform more than one type of 
algorithm for a particular operation. 
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AB This paper reviews th CLIP image processing system for the complete 

analysis of two-dimensional electrophoresis images. The analysis problem 

for two-dimensional gel images can be broken 

down into three issues: segmentation of individual gel images, alignment 
and comparison of pairs of gel images, and information storage and 
retrieval. This paper describes these problems and reviews how the CLIP 
system handles each of them. Segmentation is the location and isolation 
of each protein spot on an individual gel image and also the extraction of 
individual spot data such as position, area and volume. There are three 
basic stages; background field correction, noise filtering, spot detection 
and information extraction. Alignment and comparison of gel images 
involves matching protein spots between two gels. This can be quite 
difficult because there is not a simple relationship which can transform 
one gel image onto another. The database issues concern storing all the 
information which has been obtained from the above operations such that 
retrieval of this information can be readily performed. The advantage of 
the CLIP system over others is speed of processing. CLIP series 
computers use one processor for every pixel of the 

camera image such that image processing algorithms run in parallel. The 
main disadvantage is in the cost of these machines. With the declining 
trend in the cost of parallel processors, these machines will become more 
and more viable alternatives. This paper reviews the algorithms for the 
analysis of two-dimensional gels. It is 

shown that CLIP is flexible enough to perform more than one type of 
algorithm for a particular operation. 
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